Abstract Recent studies have revealed that dogs often perform well in cognitive tasks in the social domain, but rather poorly in the physical domain. This dichotomy has led to the hypothesis that the domestication process might have enhanced the social cognitive skills of dogs (Hare et al. in Science 298:1634-1636 , 2002 Miklósi et al. in Curr Biol 13:763-766, 2003) but at the same time had a detrimental eVect on their physical cognition (Frank in Z Tierpsychol 5: [389][390][391][392][393][394][395][396][397][398][399] 1980). Despite the recent interest in dog cognition and especially the eVects of domestication, the latter hypothesis has hardly been tested and we lack detailed knowledge of the physical understanding of wolves in comparison with dogs. Here, we set out to examine whether adult wolves and dogs rely on means-end connections using the string-pulling task, to test the prediction that wolves would perform better than dogs in such a task of physical cognition. We found that at the group level, dogs were more prone to commit the proximity error, while the wolves showed a stronger side bias. Neither wolves nor dogs showed an instantaneous understanding of means-end connection, but made diVerent mistakes. Thus, the performance of the wolves and dogs in this string-pulling task did not conWrm that domestication has aVected the physical cognition of dogs.
Introduction
Intense research in the last few decades focusing on dogs' social interactions and communicative skills has shown that dogs (Canis familiaris) are extremely good at reading human social and communicative behavior Miklósi and Soproni 2006; Szetei et al. 2003; Virnsányi et al. 2004 Virnsányi et al. , 2006 . In contrast to the socialcommunicative domain, however, dogs usually perform rather poorly in the asocial, physical domain. For instance, dogs solve the invisible displacement task in object permanence studies by using simple local rules, like the adjacency rule (Collier-Baker et al. 2004; Watson et al. 2001; Fiset and Leblanc 2007) . Similarly, they show a gravity bias (Osthaus et al. 2003a ), fail to use meansend connections (Osthaus et al. 2005 ; but see Range et al. 2011) or to infer the location of food if only indirect causal information is available (Brauer et al. 2006 ). Based on their advanced cognitive abilities in the social domain and their poor performance in the physical domain, it has been proposed that the domestication process increased the social cognitive skills of dogs (Hare et al. 2002; Miklósi et al. 2003; Udell et al. 2010 ; see also Wynne et al. 2008 ) but had a detrimental eVect on their physical cognition (Frank 1980) . The rationale for the latter is that, in contrast to wolves (Canis lupus), environmental eVects on feeding and mating are buVered in dogs (and in other domesticated species) by humans and thus, natural selection on dogs' individual problem solving might have been relaxed (Frank 1980; Hemmer 1990) .
Despite the recent interest in dog cognition and especially in the eVects of domestication, we lack detailed knowledge of the physical understanding of wolves needed to test this hypothesis. One exception is the studies by Frank and colleagues, who tested four wolf and four malamute pups raised similarly in diVerent problem solving and manipulation tasks at the age of 6 and 10 weeks (Frank and Frank 1982, 1985; Frank et al. 1989) . They found that the wolves were more successful than the dogs in these tasks. However, the sample size was small, the wolves (and dogs) were from the same litter, and the animals were tested at a relatively young age, opening the possibility that individual diVerences, genetic, or developmental eVects could have inXuenced the outcome of these studies. Here, we set out to test whether adult wolves and dogs recognize means-end relationships by testing the prediction that wolves would perform better than dogs in a string-pulling task.
Animals often encounter problems that force them to progress through a series of mediating actions in order to reach a certain goal at the end. When performing a goaldirected behavior, understanding this progressive series of steps as the means to an end can be of great advantage for any individual (Schmidt and Cook 2006) . Accordingly, means-end understanding is considered to be a key step in cognitive development (Bratman 1981; Osthaus et al. 2005) . Usually, relying on means-end connections is studied by oVering a choice of two options, one of which is in physical connection to an out-of-reach object of desire. One widely used task is the "string-pulling task," originally introduced by Köhler (1927) , where a string within reach of the subject is attached to a piece of food out of reach of the subject. The question is whether the subject realizes that the goal object can be obtained by pulling on the string. The assumption is that subjects who do not understand that pulling the string is the "means" for achieving the desired "ends" of bringing the toy or food within reach, will only be able to succeed through repeated exposure and associative learning (Thorndike 1898).
So far, non-human primates (e.g., chimpanzees, Pan troglodytes, Köhler 1927 , Povinelli 2000 Werdenich and Huber 2006) have solved at least some versions of the string-pulling task. While dogs and wolves can learn to retrieve out-ofreach food by means of an attached string Osthaus et al. 2005) , dogs have failed to show understanding of means-end relationships when tested in a 2-choice paradigm involving strings with varying angle orientations as well as crossed strings (Osthaus et al. 2005) . The main reason for the failure of the dogs in these tasks was a proximity error, i.e., the dogs pawed or mouthed at the location closest in line to the treat. This failure of dogs may reXect an inability to recognize means-end connections. Alternatively, inherited predispositions to go for food directly may overshadow the recognition of means-end connections, and in combination with the inability to inhibit this response, could lead to the proximity bias of dogs (Lea et al. 2006) . This interpretation has also been suggested for dogs' performance in other test paradigms (e.g., detour task) (Pongrácz et al. 2001; Scott and Fuller 1965) . Dogs may have inherited this predisposition (to focus on proximity in regard to potential food) from their ancestor or it might be an eVect of domestication as outlined above.
In the current study, we set out to test these hypotheses by comparing the performance of well-socialized wolves and kennel kept sledge dogs in a series of string-pulling experiments. In each of the experiments, the subjects needed to retrieve a food treat that was visible behind a physical barrier (fence) and was connected to a string within their reach. Subjects were confronted with either one or two strings, of which only one was attached to the food treat, presented in diVerent layouts with increasing diYculty (parallel, angle, and crossed). Since several studies have shown that primates and dogs have diYculties solving the crossed condition (Tomasello and Call 1997; Povinelli 2000; Osthaus et al. 2005 ), we did not counterbalance the sequence of experiments in order to avoid the risk that failure with an insoluble task would demotivate the animals and prevent them from paying close attention to later conditions. Based on the published results by Osthaus et al. (2005) , we predicted that while dogs would still be able to solve the easy tasks, they would fail with the more complicated versions. Wolves, on the other hand, were expected to solve even the more diYcult versions of the string-pulling tasks, if the failure of dogs is at least partly due to a detrimental eVect of domestication on their physical cognition. However, if canines in general are prone to commit the proximity error, we would expect no diVerence in the performance between wolves and dogs.
Methods

Subjects
All wolves (n = 9) that participated in this study originated from North America and were born in captivity. Six wolves (3 males and 3 females) were housed at Wolf Park (http:// www.wolfpark.org), USA, and three wolves (2 males and 1 female) at the Wolf Science Center (http://www.wolfscience.at), Austria. All of the wolves were hand-raised in peer groups after being separated from their mothers in the Wrst 10 days after birth. They were bottle-fed and later hand-fed by humans and had continuous access to humans for the Wrst 3-5 months of their life. From this age on, there were no humans continuously present in the enclosures, but the wolves participated in training and educational programs (Wolf Park) and cognitive and behavioral experiments (Wolf Science Center) several times per week and hence had intensive social contact with humans. The wolves were kept in packs in outside enclosures up to 2,000-8,000 m 2 (Wolf Park) and 3,000 m 2 (Wolf Science Center). The enclosures were equipped with trees, bushes, logs, and shelters. Water for drinking was permanently available. The wolves received a diet of meat, fruits, milk products, and dry food throughout the study period.
The sledge dogs (N = 10), Siberian Huskies, were housed at the Mountain Wolf Farm, Austria. All dogs were raised by their mother until the age of 8 weeks. At the age of 8 weeks, all dogs but one was kept in packs of three to Wve animals in enclosures of up to 40-90 m 2 . The single dog was kept in the house until 3 months of age before being transferred to the enclosures. From that age on, all dogs received training sessions twice a week. At the age of 8 months, they started to pull a sledge. Due to their training and feeding routine, the dogs received social contact with humans on a daily basis. All enclosures were equipped with shelters. The dogs were fed with high-energy dry food every day. Water was freely available.
The dogs had never participated in any behavioral or cognitive task. The wolves had some experience with participation in cognitive tasks, but not with string-pulling paradigms or any other instrumental means-end task. All animals were regularly walked on a leash and were separated from their pack mates for short periods of time. Both practices are part of the usual animal care procedures at Wolf Park, the Wolf Science Center, as well as at the Mountain Wolf Farm. Participation in all testing sessions was voluntary. For the sex and age distribution as well as relatedness among all the participating animals, please see Table 1 .
Materials
We used a dark brown wooden tray (62 £ 72) and beige colored ropes (60 cm long) for the experiments. As a reward, we used yellow colored pieces of cheese (1 cm thick, 2 cm wide and 6 cm long). Although the contrast between the board and the ropes and rewards was very good, all ropes were of the same color in order to avoid the animals choosing based on color association instead of connectivity. The rope(s) (60 cm long) were laid out on the outside of the enclosures in front of the gate at a distance of 20 cm. A 5 cm gap between the ground and the gate of the enclosures allowed for pushing the board underneath the gate, so that the wolves and the dogs could reach the end of the rope(s) (see Fig. 1 for the setup).
Experimental design
Due to the limited sample size of wolves, we used a within subject design, with every animal being tested in four experiments, in increasing order of their expected diYculty. To minimize learning eVects across the diVerent experiments, we limited the number of trials for Experiment 1-6 trials, for Experiment 2 and 5-20 trials, and for Experiment 3 and 4-24 trials. Fewer trials were conducted if an animal reached signiWcance at the individual level (Binominal test: P < 0.05) before reaching the maximum number of trials, to avoid the risk that they would Wxate on a particular strategy if allowed to carry on. Even if an animal did not solve a particular experiment within the maximum number of trials, it proceeded to the next experiment since it could have been possible that either (1) the animals learned over trials to solve the string-pulling task or (2) that against our expectations, a later experiment was easier for the animals to solve than an earlier experiment. The last, 5th experiment repeated the second experiment to test whether the performance of the animals had changed during multiple testing. 
Experimental procedure
The experiments were conducted outside either in a familiar small holding enclosure, physically and visually separated from the main enclosure, or within the home enclosure with only the subject present at the time of the experiment. The wolves and dogs showed no distress at being separated from the other pack members. During the entire experiment, the subject was allowed to move freely around in the enclosure. A member of staV remained at the back of the enclosure facing away from the experimental setup and retrieved the ropes after each trial.
Habituation phase
Prior to testing, each subject was given the opportunity to play with the ropes to help decrease their motivation to play during the experiments. The habituation was terminated when the subject ceased to have physical contact with the ropes for 2 min. To habituate the wolves and dogs to the moving of the tray, after placing food (without the ropes) on it, the tray was moved toward the subject. Once they had taken the food, the tray was removed. Experimental trials were conducted only after the animals did not display a startle response to the movement of the tray, which took only a few trials for all animals tested.
Experimental trials
At the beginning of each trial, the rope(s) were laid out on the wooden tray according to the condition. The animal was prevented from watching this procedure by an opaque barrier placed in front of the gate. Once the rope(s) were in place (2 marks at the end at the tray equidistance from the centerline indicated where the food should be placed), the barrier was removed and the experimenter called the attention of the subject toward the arrangement by calling its name. During this presentation, the experimenters' right hand was placed on a handle in the middle of the tray and the other hand was kept behind her back. When the subject had looked at the arrangement on the tray for 3 consecutive seconds through the wire mesh of the gate, the experimenter moved the tray forward, so that the end of the rope(s) could be reached by the subject. The experimenter never looked directly at the subject; the experimenter monitored the animal's response out of the corner of her eye, while looking straight down at the ground. The tray and the second rope were removed as soon as the subject grabbed one of the strings and started pulling it. If the subject chose the correct string, it was allowed to eat the food. All experiments were based on the voluntary participation of the animals; thus, if an animal left the testing area, we stopped the experimental session and continued on another day. Each subject was tested for one session per day with a maximum of 32 trials (range 1-32). All trials were videotaped with a camera placed on a tripod behind the experimenter.
Analyses
Videos were analyzed using Solomon Coder beta 090626© Andras Peter. In order to assess the motivation of the animals to participate in each task and to get the food in all experiments, we coded the latency of starting to pull one of the ropes, deWned as the time when the experimenter started to move the board forward within reach of the animals until the subject moved one of the ropes either with the mouth or paw toward its direction. This Wrst pull on one of the ropes was considered the choice of the animal and was either correct if it was the baited rope or incorrect if it was the non-baited rope. In Experiment 1, we also coded if the animal was pawing close to the food deWned as the subject pawing while its head was positioned above the baited side of the board.
Test videos were coded by one of the authors. A second coder, who was blind to the experimental questions, coded 20 % of the trials. The two observers agreed on the choice of the animals in 385 of 389 trials (99 %) that were coded across all conditions. Spearman rank correlations revealed high inter-observer reliability in the latency to pull the Wrst rope in all conditions (r s = 0.86; N = 388; P < 0.001).
In each experiment, we Wrst analyzed the complete dataset (see below for details). If we found a signiWcant interaction of species with any of the other predictors, we split the dataset and analyzed the two species separately in order to explore the nature of the interaction. If we found a main eVect of condition but no interaction, we pooled the data of wolves and dogs and conducted post hoc tests to determine which conditions diVered.
In order to determine whether species or learning over trials inXuenced the performance of the animals in Experiments 2 and 5, we Wtted the success as the binomial response term in a generalized linear model. The species (wolves vs. dogs) and trial number (1-20) were Wtted as Wxed eVects with animal identity as a random factor. Furthermore, to analyze whether species learning over the trials or experimental condition inXuenced the performance of the dogs and wolves in Experiments 3 and 4, we Wtted the number of correct trials as the binomial response term in a generalized linear model with the total number of trials as the denominator. The species (wolves vs. dogs), learning (Wrst six trials vs. last six trials), and condition (overlap vs. control) were Wtted as Wxed factors with animal identity as a random factor.
According to the Kolmogorov-Smirnov test, the behavioral data were not normally distributed. Consequently, we used nonparametric statistics to compare the performance of dogs and wolves calculated as the percentage of successful trials to chance level or to certain other conditions. All tests were two-tailed, and alpha was set at 0.05. When we analyzed subsets of data, probabilities were corrected by a sequential Bonferroni procedure (Hochberg 1988). Statistical analyses were performed in R 2.10.1 (R Development Core 2009) and Instat 3.
Experiment 1: One diagonal rope
In Experiment 1, wolves and dogs were tested for their ability to use a single rope to pull in food spontaneously. Performance was measured by the animals' latency to pull the string into the enclosure, so that they could reach the food reward and eat it. A single rope with food attached to the end was laid out diagonally (Fig. 2a) . Based on Osthaus's et al. (2005) results, we expected the dogs to paw the ground at the closest position in respect to the food reward, before actually trying to pull the food close with the rope. Our Wrst question was whether wolves are less prone than dogs to this proximity error in this simple situation. Each animal received 6 trials in a row; the direction (left-to-right and right-to-left trials) was pseudo-randomized, so that no more than 2 trials in a row were conducted in the same direction.
Results
Overall, all animals solved the task easily. Before doing so, however, they often committed the proximity error. Over the six trials, 4 of the 9 wolves pawed at the location closest to the food at some point, although never in the very Wrst trial. Of those 4 animals, three were the younger, one-year-old animals tested at the Wolf Science Center. In comparison, 8 of the 10 dogs pawed at the location closest to the food reward-three in the very Wrst trial. The diVerence found between the number of animals committing the proximity error was not signiWcant (Fisher's exact test: P = 0.169). We also found no signiWcant diVerence between wolves and dogs when comparing the number of mistakes they made (MannWhitney U test: U = 55.5, N w = 9, N d = 10, P = 0.400).
We found no diVerence in the latency to pull in the food reward in the Wrst trial, or its mean over all trials, between wolves and dogs (Wrst trial: Mann-Whitney U test: U = 38.5, N w = 9, N d = 10, P = 0.623; mean of all trials: Mann-Whitney U test: U = 44.5, N w = 9, N d = 10, P = 0.999), indicating that both species had similar levels of motivation.
Experiments 2-5
To further investigate whether the wolves and dogs used the rope in Experiment 1 simply because this was the only accessible object without recognizing its connectedness to the food, the further experiments employed two ropes, one with food attached to the end and one without. Simply pawing at any accessible rope would provide a random success rate, whereas if the animals understood the connection via the rope, they should pull in only the baited rope.
Experiment 2: Two parallel ropes, one connected to food, two food rewards The aim of Experiment 2 was to test whether wolves and dogs can solve a 2-choice string-pulling task taking the means-end relation into account, if proximity of the food reward cannot inXuence the solution. Accordingly, we used two ropes laid out perpendicular to the gate (20 cm distance between the ropes), each with a reward at the end. However, one of the two ropes was shorter and not connected to the food reward (10 cm gap) (Fig. 2b) . The position of the connected rope (left/right) was pseudo-randomized with the restriction that it could not be presented more than 3 times in a row on the same side. We conducted 6-20 trials depending on whether the animal performed signiWcantly above chance in fewer than 20 trials based on a binominal test. However, after the maximum of 20 trials, whether successful or not, the subjects proceeded to the next experiment.
Results
All animals participated in this experiment and, except one wolf, received all 20 trials. One wolf successfully solved the Wrst 6 trials (Binomial test, P = 0.03) and was not tested any further in this experiment. No other wolves and dogs were successful at the individual level. When analyzing the number of successful pulls, we found a signiWcant eVect of trial number and a signiWcant interaction between trial number and species, suggesting that while wolves and dogs did not diVer signiWcantly from each other in solving the overall task, the wolves as a group improved their performance over the 20 trials, whereas the dogs' performance worsened (Table 2) . Accordingly, further analyses revealed that while the performance of the wolves (including the animal that solved the task in 6 trials) did not diVer signiWcantly from chance performance in the Wrst 10 trials (Wilcoxon signed-rank test: T + = 17.5, N = 9, P = 0.578), it increased signiWcantly above chance in the last 10 trials (Wilcoxon signed-rank test: T + = 28, N = 8, P < 0.016) (Fig. 3) . The performance of the dogs also did not diVer from chance in the Wrst 10 trials (Wilcoxon signed-rank test: T + = 19, N = 10, P = 0.469); however, in the last 10 trials, their performance decreased signiWcantly below chance (Wilcoxon signed-rank test: T + = 4, N = 10, P = 0.014) (Fig. 3) , suggesting that the dogs developed a preference for the short, unconnected string. Finally, we found no signiWcant diVerence in the latency to start pulling a string between the wolves and the dogs in the Wrst trial (Mann-Whitney U test: U = 29, N w = 9, N d = 10, P = 0.204) nor over all trials (Mann-Whitney U test: U = 33, N w = 9, N d = 10, P = 0.347), indicating no diVerence in motivation between the two species.
Experiment 3: Two diagonal ropes, one baited Two ropes, one with food attached and one without, were laid in parallel at an acute angle to the fence with a distance of 20 cm to each other. This resulted in a setup where the baited rope could "overlap" with the accessible end of the non-baited rope. If both ropes were laid out with a tilt to the right, and the food attached to the left one of the ropes, then this was called the "overlap" condition, as the end of the non-baited rope was in line with the food (Fig. 2c) . When the food was attached to the right rope, no overlap between the baited rope and the accessible end of the non-baited rope occured; therefore, this was referred to as the "control" condition (Fig. 2d) . If canids were able to use the means-end properties of the ropes, they would always pull the rope attached to the food. However, if the animals simply pulled the rope closest to the food, they would choose the wrong rope in the overlap condition while performing well in the control condition. Each animal was tested 12 times in each condition. Within each condition, the ropes were tilted 6 times to the right and 6 times to the left. The conditions as well as the side to which the rope were tilted were pseudo-randomized with the restrictions that the same condition as well as side of tilting could not be presented more than 3 times in a row and that the exact same placement could not be presented more than 2 times in a row.
The analyses of the successful pulls in Experiment 3 revealed that only the Wxed factor "condition: overlap/control" had a signiWcant inXuence on the performance of the animals (Table 3) . We did not Wnd a diVerence in performance between wolves and dogs nor any eVect of learning across trials nor any interaction. After pooling the data accordingly, further analyses showed that while the performance of the wolves and dogs together did not diVer signiWcantly from chance performance in the overlap condition (Wilcoxon signed-rank test: T + = 56, N = 19, P = 0.352), they were signiWcantly above chance in the control condition (Wilcoxon signed-rank test: T + = 171, N = 19, P = 0.0001), suggesting that their choice was strongly (but not exclusively) inXuenced by the proximity of the food to the ends of the two ropes. However, one wolf and one dog seemed to learn how to solve the task over the 24 trials performing signiWcantly above chance with 10 correct choices in the last 12 trials (Binomial: P = 0.04).
Finally, we found no signiWcant diVerence in the latency to pull in a string between the wolves and the dogs in the Wrst trial (Mann-Whitney U test: U = 34.5, N w = 9, N d = 10, P = 0.412), indicating that motivation to participate in this experiment was similar in both species. However, overall, there was a signiWcant diVerence in the latencies of wolves and dogs to start pulling a string (Mann-Whitney U test: U = 10.5, N w = 9, N d = 10, P = 0.006; adjusted -value = 0.025), with the dogs being slower.
Experiment 4: Two crossed ropes
In this experiment, we tested the animals on an even more diYcult version of the former two conditions. In the Wrst condition, the two ropes were crossed with a distance of 40 cm between the ropes at the ends (Fig. 2f) . Here, choosing by proximity would not lead to success. In the control condition (Fig. 2e) , the setup of the ropes looked very similar to the crossed condition, but here the ropes did not cross in the middle but instead each was bent in a V, so that choosing by proximity again would lead to success (the distance between the two ropes at the ends was again 40 cm).
Each wolf and dog was tested 12 times in each condition, half of the trials provided food on the right and the other half on the left side. The conditions as well as the side that was baited were pseudo-randomized with the restrictions that the same conditions as well as side could not be presented more than 3 times in a row and that the exact same placement could not be presented more than 2 times in a row.
Results
The analyses of the successful pulls in Experiment 4 revealed no eVect of learning in either species. The Wxed factor "condition: crossed/control", however, had a signiWcant inXuence on the performance of the animals (Table 3) . Moreover, we found a signiWcant interaction between condition and species, suggesting that wolves and dogs diVered in their performance in one of the two conditions. Further analyses showed that while wolves performed at chance level in both the crossed and the control condition (Wilcoxon signed-rank tests: T + = 5, N = 9 (5 ties), P > 0.999; and T + = 13, N = 9 (4 ties), P = 0.188, respectively), dogs performed signiWcantly below chance in the crossed condition (Wilcoxon signed-rank test: T + = 3, N = 10 (2 ties), P = 0.039), but signiWcantly above chance in the control condition (Wilcoxon signed-rank test: T + = 41.5, N = 10 (1 tie), P = 0.019). The dog results can be explained by a strong proximity error with the dogs always pulling the string closest to the food. In contrast, 5 of the 9 wolves fell into a very strong side preference (Binomial tests, all P < 0.007). One wolf learned over trials how to solve the task with 11 correct choices in the last 12 trials (Binomial, P = 0.006). None of the dogs approached signiWcant individual performance in this task.
We also found a signiWcant diVerence in the latency to start pulling in a string between the wolves and the dogs in the Wrst trial (Mann-Whitney U test: U = 14.5, N w = 9, N d = 10, P = 0.014; adjusted -value = 0.025) with the dogs being slower than the wolves. This diVerence remained signiWcant when comparing the mean latencies of all wolves over all 24 trials (Mann-Whitney U test: U = 15, N w = 9, N d = 10, P = 0.013; adjusted -value = 0.025), with the dogs still being slower.
Experiment 5
To test whether the performance of the animals had improved during the previous experiments, we retested the animals in the initial discrimination task (Experiment 2, Fig. 2b) .
Results
Overall, when analyzing the number of successful pulls, we found no signiWcant diVerence between wolves and dogs, no eVect of trial number, or any interaction (Table 4 ; Fig. 3 ). Pooling the wolf and dog data, we found that their performance did not diVer from chance (Wilcoxon signedrank test: T + = 18.0, N = 11 (8 ties), P = 0.206). Finally, we found no signiWcant diVerence in the latency to pull in a string between the wolves and the dogs in the Wrst trial (Mann-Whitney U test: U = 32.5, N w = 9, N d = 10, P = 0.323). However, overall, there was a signiWcant diVerence in the latencies of wolves and dogs to start pulling a string (Mann-Whitney U test: U = 7, N w = 9, N d = 10, P = 0.001; adjusted -value = 0.025), with the dogs being slower.
Discussion
Our results demonstrate that while the wolves and dogs that we tested diVered in regard to their biases (proximity versus side preference) when trying to solve a string-pulling task, neither the dogs nor the wolves seemed to have an insightful understanding of means-end relationships. However, a few animals of both species learned to solve some speciWc tasks, and in Experiment 2, the wolves even learned at the group level how to solve the task relatively quickly.
In Experiment 2, two rewards were laid out at the same distance to the subject and thus the proximity of the reward could not inXuence the decision made by the animals. At the group level, the wolves did not show any instantaneous understanding of the means-end relationships, but were found to improve within the 20 test trials and to perform above chance level in the last 10 trials. Whether this improvement was based on using a "rule-of-thumb" (e.g., pulling the longer rope) or indicates some basic understanding of the means-end connection needs further exploration. In contrast to the wolves, the dogs developed a preference for the shorter string that was not connected to the food reward. Osthaus et al. (2005) also found that the dogs, instead of learning how to solve a task, decreased in their performance over 20 trials in the crossed condition, choosing the unrewarded rope more often over the course of the experiment. It is unclear why the dogs insisted on a solution that was not reinforced by food rewards. Moreover, the choice cannot be explained by alternative rewards: the dogs were not praised for making a wrong choice and they also did not play with the shorter string once obtained, but dropped it immediately. The behavior of the dogs is also surprising because in an "on/oV" task, dogs have been found to rely on means-end relationships when proximity did not interfere with the correct solution (Range et al. 2011) .
In the subsequent experiments, we found that the wolves, although they committed the proximity error in Experiment 3, quickly changed to a side preference in Experiment 4. The results of the dogs in the 1st, 3rd, and 4th experiment, on the other hand, underscore the previous results by Osthaus et al. (2005) that dogs are prone to commit the proximity error in string-pulling tasks. One might argue that in our study, applying a series of experiments, the animals' performance was partly due to learning over the experimental conditions. However, Osthaus et al. (2005) , who tested naïve dogs in the same conditions of Experiment 3 and in the crossed condition of Experiment 4, found the same results as we did, suggesting that the experience that our dogs could have collected in the previous experiments did not inXuence their performance in the later tasks. Further, the predisposition of dogs to approach a reward in the direct, shortest way is apparent also in another task-the detour task-where dogs show severe diYculties in walking away from a visible reward in order to detour a fence or transparent barrier and thus reach the reward on the other side (Chapuis et al. 1983; Pongrácz et al. 2001 Pongrácz et al. , 2003 Scott and Fuller 1965) . Studies by Frank and Frank (1987, 1982) on four 6-week-old wolf puppies replicating methods used by Scott and Fuller (1965) suggested that wolves were much more successful at the task than their domestic counterparts. However, as discussed in the introduction, sample size was small in their studies, and more importantly, the barrier was opaque as opposed to transparent. The development of diVerent biases of our wolves and dogs (side preference vs. proximity) is also a This animal was only tested 6 times, since he was correct in each of them b Alya was tested only 13 times in that condition reXected in the latencies of the current study: since the dogs' choice was based on proximity to the food, they still had to examine the setup of the string to choose the one closest to the reward, which likely led to increased latencies in comparison with the wolves, which mainly chose based on a side preference, which does not require examination of the setup of the strings. A wider comparative framework should help to detect the evolutionary origins of the capability of using meansend connections and the ecological factors facilitating the development of this skill. However, direct comparisons with data from other studies are unfortunately impossible due to methodological diVerences, such as the number of trials animals received, using strings of the same or of diVerent colors, and most importantly the lack of intermixing test and control conditions. Nevertheless, based on published data, several primate and bird species outperform wolves and dogs in the overlap condition (Finch 1941; Harlow and Settlage 1934; Werdenich and Huber 2006) , which may, however, be explained by testing the wolves and dogs with intermixed overlap and control conditions in contrast to the other studies, which utilized both conditions successively. Intermixing the conditions is likely to negatively inXuence learning speed since the perceptual features change from trial to trial and thus prevent animals from relying on simple rules (e.g., do not pull the string closest to the reward). On the other hand, the crossed condition seems to be similarly diYcult for most animal species. At the group level, even primates cannot immediately solve that problem and may require an extended period of learning even when the crossed and control conditions are not intermixed (Tomasello and Call 1997; Povinelli 2000) . Interestingly, however, both in primates and in ravens, there are great interindividual diVerences with a few individuals who can solve the problem instantly or after a short learning period (Finch 1941; Heinrich 2000) . Similarly, both in our dog and wolf sample, a few animals seemed to learn how to solve even the more diYcult tasks. In Experiment 2 (two strings and two rewards), one wolf chose correctly in the Wrst 6 trials suggesting that he understood means-end relationships in this setup spontaneously. However, this wolf failed in the repetition of the same condition at the end of this study, which might be interpreted either as a sign that it did not understand the means-end connection in Experiment 2 but used some "rule-of-thumb", or that it got confused by the more diYcult intermediate problems that it could not solve. In Experiment 3 (two diagonal strings), one wolf and one dog improved over trials and signiWcantly performed above chance in the last 12 trials. In Experiment 4, one wolf performed signiWcantly above chance in the last 12 trials. These individual data are interesting since they show that at least some animals can learn relatively quickly how to solve such tasks. Obviously, these superWcial comparisons across species based on methodologically diVerent studies cannot provide a good basis for evolutionary reasoning. Further studies are needed to reveal what rules the successful wolves and dogs used to solve the string-pulling tasks and how much of the variation we see between the performances of diVerent species is driven by diVerent methodologies.
Species comparisons need to be controlled for the lifelong experiences and training of the subjects being compared (see for example Marshall-Pescini et al. 2008; Osthaus et al. 2003b; Range et al. 2009; Topál et al. 1997) . In this study, although we tried to match the keeping conditions of the wolves and the dogs as much as possible, their life-long experiences and training history were not fully identical (e.g. hand-raising and some clicker training in wolves, versus mother-raising and complete lack of clicker training in dogs) nor were their enclosures equipped similarly (wolves: containing bushes, trees and a lake, dogs: normal kennels without trees or bushes). Accordingly, it cannot be ruled out entirely that the diVering performance of dogs and wolves was inXuenced by their somewhat dissimilar previous experiences rather than domestication. Whenever possible, animals that are raised, kept and trained in an identical way should be compared with identical methods to answer questions concerning the genetically based eVects of domestication. Finally, some of the animals were related to each other, which might also have inXuenced the results.
Keeping these limitations in mind, overall, this study suggests that while the wolves and dogs tested diVer in regard to the biases they develop (proximity vs. side preference), neither species has an insightful understanding of means-end relationships. Although the wolves were able to learn how to solve Experiment 2 in contrast to the dogs, their improvement might be due to superior general associative learning skills rather than some recognition of means-end connections. Further studies are needed to clarify whether and how domestication has inXuenced the recognition of means-end connections and causal understanding in other experimental paradigms in wolves and dogs.
